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S U M M A R Y  

The question of k ine t ic  tenperature of the  i n t e r g a l a c t i c  gas 
in the  evolutionary cosmological model is inves t iga ted  in t h i s  paper. 
Various heat ing and cooling mechanisms a re  reviewed, It %s s ~ g g e s t e d  
t h a t  explosions of galaxies  and radiogalaxies cons t i t u t e  very e f f ec t ive  
source6 of heating, 

The l i be ra t ion  of heat is material ized mainly at energy -ai- 
pation of plasma osc i l l a t ions ,  exc i ted  by anisotropic  fluxes of eoenic 
rays, Taken i n t o  account is also t h e  possible heating from re l ic  sub- . 
cosmic rays as a consequence of i on i sa t ion  l o s s e s  in the  intergalactic 
e=. 

Solut ions of the heat balance equation are given, which provide 
temperature variations of the i n t e r g a l a c t i c  gas a6 the  Metagalq expands. 

The lower limit of possible gas tem-perature f o r  the present epoch 
cons t i t u t e s  16 .K.  The l a t t e r  po in ts  t o  the incorrectness  of the prevai l -  
i n g  concepts t h a t  low gas tempe-ature is indispensable in the  evolutionary 

Analysed also is the question of gas temperature in clusters of@- 
cosmology. 

laxies * The temporal course of temperature v a r i a t i o n  beginning from the 
consummationofthe g rav i t a t iona l  condensation 3.n the  c l u s t e r s  of grlradbrr 
or of radiogalaxy burs t  in them is revealed, A t  t h e  same t i m e ,  account 
is taken of the possible  variety of clulster parameters, 

A s e r i e s  of poSSibi l i t ie6 a r e  discussed for the  determination of 
the  temperature of the in t e rga lac t i c  gas of the Metagalaxy from observa- 
t ions ,  and for m k b g  more precise the  t h e o r e t i c a l  concepts connected 
w i t h  t h a t  temperature. 

* *  

* 0 temperature meehgalakticheskogo m a .  



2. 

For the cosmology and cosmgony, suoh parameters 86 the  densi ty  
and t h e  temperature of the in t e rga lzc t i c  medium are  of e s s e n t i a l  s ign i -  
ficance. It apparently follows from observations within the framework of 
i so t rop ic  cosmological models based upon the  Einstein equation without 
the 4 - term m] that the average densi ty  of the in t e rga lac t i c  matter 

cons t i tu tes  
= 3E2/ 83Y 2 #1029 3 , L-3 pa Yk 

where H% 100 km/sec , lbc is the Habble constant. 

A t  the  same time, the mean density, l inked with galaxies, is 
usually taken equal t o  3 2 5 10-31 g/cm3 [2]. Therefore, s t a r t i n g  from 
the indicated cosmological scheme i t  follows t h a t  we should consider the  
spzce as f i l l e d  w i t h  matter, most likely diffusive,  with average densi ty  
some 20 t o  50 times greater  than * . 

d 

h 
Alongside with th i s ,  t he  character  of i n t e rga lac t i c  gss distribu- 

t i o n  is undetermined. In principle,  the gas may be mostly l o c d i s e d  
c lus te r6  of galaxis (nebulae), and if its mass is tens of times greater 
than tha t  of galaxies, we would have f -fK without the assumption of 
existence of i n t e rga lac t i c  gas background. The a l t e rna te  p o s s i b i l i t y  fs 

the  more o r  l e s s  uniform dis t r ibu t ion  of gas (with f’ -fx) in the  space 
between c lus t e r s  of galaxies ( the increased gas concentration i n s i d e  the  
c l u s t e r s  is at  the same time quite admissible in fairly broad l imi t s ) .  
Precisely t h i s  p o s s i b i l i t y  appears t o  u6 a6 being the most probable. 
Astronomical observations of the l a t e s t  years have pointed t o  the exist- 
ence of young galaxies  and revealed the va r i e ty  of the i n t e r g a l a c t i c  con= 
densation and so f o r t h  (see [5,6l),which is evidence of the  continuing 
formation process in the in t e rga lac t i c  medium of new s t r u c t u r a l  uni ts .  
At the same time, the  metagalactic gas with a density exceeding a grea t  
d e a l  the average density linked with galaxies,  is a na tu ra l  r e se rvo i r  
f o r  the formation of new systems E7 - 10 1. 

Here we s e t  as ide  the poss ib i l i t y  t h a t  the  density a 
the  neutrino C31 o r  w i t h  i nv i s ib l e  collapsed masses C41. 
[**I [ The formula is reproduced exact ly  as in the  o r i g i n a l  text; however, 
there  is incompatibil i ty between the formula and the following line]. 

is l inked with 



According t o  the ia tes t  measurements 1113, the  concentration 
on n e u t r a l  hydrogen in the in t e rga lac t i c  space is % 
and, alongside with t h i s ,  % < 3.9 - 1Oo8TS, where TS is the  spin t e m p e -  
r a t u r e  of hydrogen*. There exists the  opinion E133 t h a t ,  within the  

2.6 loo5 

framework Of the  evolutionary c o f m o l o ~ ,  the  temperature at present fs 
T& lox  **. Hence i t  would follow t h a t  t he  gas is not ionieed, 

t h a t  is, a d i r e c t  contradict ion would take place with the above-mentioned 
estimate p -fK. 

However, the conclusion of the  necessi ty  of having a low kinetic 

gas temperature i n  the evolutionary cosmolom in our epoch i s  incor rec t ,  
as w i l l  be shown below, Indeed, the presence of spec i f i c  heat ing s o u ~ c e s  
of the  i n t e r g a l a c t i c  m e d i u m ,  such as the  d iss ipa t ion  of energy of plasma 
o s c i l l a t i o n s  exci ted by anisotropic fluxes of cosmic rays at burs t s  of 
galaxies and the  ioniltation losses  of cosmic and subcosmic rays, regardless 
of llhotll and "coldtt variants of the i n i t i a l  stage of expansion C161, w i l l  

l ead  t o  a r a t h e r  high kinetic gas temperature and its p rac t i ca l ly  t o t a l  
ion i ta t ion .  A rough estimate of the  expected temperature of the  Snterga- 
l a c t i c  gas (which w i l l  be made more precise  below when account is taken of 
the  important e f f e c t  of i n e r t i a  in temyerature s e t t l i n g )  may be already 
obtained from the  condition of apFroximate equal i ty  i f  dens i t i e s  of t he  
inner  gas enerey S, t h e  k ine t ic  energy wkFn and the energy of cosmic 
rays wcr : 

" Y c i n - W c r  (1) 

According t o  avai lable  estimates c173, t he  energy densi ty  of the  
in j ec t ed  coszlio rays wcr - + erg/&. Hence, at u t i l i s a t i o n  

* A new method of est imat ing the densi ty  of the i n t e r g a l a c t i c  neu t r a l  gas 
has been recent ly  proposed [ 1 2 l ( i t  is based upon the inves t iga t ion  of re- 
sonance l i n e  Mg11 absorption, from t he  emission s h e l l 6  of quasars. Unfortu- 
nately,  the  subs t an t i a l  uncertainty of Flg concentration (as w e l l  as other  
elements) i n  t h e  intergalactic medium hinders a r e l i a b l e  estimate of the  
upner l i m i t  of hydrogen concentration over such a 'oath. 
** Analogous representat ions of low k i n e t i c  temperature of i n t e r g a l a c t i c  gas 
are  r a the r  widesuread [see f o r  exaaple 14, 157. 
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of (1)  i t  would follow t h a t  the k ine t ic  temperature of the i n t e r g a l a c t i c  
gas (with a concentration of protons a -loo5 ~ m - ~ )  is 

( 2 )  
6 T ~ 1 $ + - 1 0  O K .  

Note t h a t  the ideaE of the importance of ionieat ion lo s ses  of sub- 
cosnic rays f o r  the heating of the in t e rga lac t i c  medium are included i n  C18J 
where, however, the de ta i led  calculat ions were not conducted. Xe s h a l l  arza - 
lyse below within the framework of the evolutionary cosmalogical model the 
question of thermal re-e (including various heat ing and cooling mechanisms) 
and of teinperature of the  in t e rga lac t i c  gas outside,  as well  a13 ins ide  the 
c l u s t e r s  of galaxies. 

#l. - !l.mmAL ' REGEZ IN THE INTERGALACZIC HEDIUM 

The heat  balance equation f o r  the i n t e r g a l a c t i c  gas has the fom 

Here L+ and L' are  respectively the energy inflow and outflow in a unit 
of time, r e l a t ed  t o  the u n i t  of gas volume. The cor re la t ion  (3) stems from 
the fundamental thermodynamic equal i ty  

9 
a& a! d ''f 

P d t  
= -&=c,, dt + p - L+ -L- (4) 

where the pressure p = yT -p/t., the s p e c i f i c  heat capacity C, = &/r(%-l), 
% = Cp /Cv 

t i o n s  (3) znd (4) r e f e r  t o  a quiescent gas, t h a t  is, they a re  va l id  in the  
associated system of reading. 

and p is the molecular weight, By t h e i r  8e-e the correla- 

Let us consider the possible sources of heating and cooling in the  
cozditions of the i n t e r g a l a c t i c  medium. 

1. -Sources of Heating 

The spec i f i c  pecul ia r i ty  of the i n t e r g a l a c t i c  medium is the insigni-  
f i can t  r o l e  of rad ia t ion  as a source of ion iea t ion  and exci ta t ion  of atoms 
of the i n t e r e a l a c t i c  gas (perhaps with the exclusion of immediate v i c i n i t i e s  

of galaxies). 
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Under these conditions, tfie atoms zre ionized by t h e  e lec t ron  

impact, and, a t  the same time, the  time of e lec t ron  -nd ion  temperature 

is subs t an t i a l ly  less than all t he  time c h a r a c t e r i s t i c s  encouneered below. 
As t o  the  sources of heating, they can be the  ion iza t ion  lossds of c o s d c  

rayeand sub-cosmic rays  (fast n o n r e l a t i v i s t i c  pa r t i c l e s ,  p rac t i ca l ly  
protons with k ine t i c  energy Ek <lo8 - 10 ev),  and also the  conjunction 
of events l i n k e d  with bu r s t s  of galaxies. Let us pause at  each of these 
sources seymately.  

9 

a) Ionizat ion LosLeE-oZ Subcosmii and Cosmic R a g s .  

The invest igat ions,  conducted on the  ground, do not  provide indi- 
ca t ions  on the  presence of a large f lux of subcosmic rays. However, such 
types of measurenents do not es tab l i sh  the absence of snbcosmic rays in the  
i n t e r s t e l l a r  m e d i u m ,  inasmch as these p a r t i c l e s  might be unable t o  reach 
the terrestrial o r b i t  on account of the presence of the "solar wind" and of 
its consequences. In t h e  conditions of i n t e r g a l a c t i c  medium, where the  ioni- 
zat ion lo s ses  are  pa r t i cu la r ly  small, the  presence i n  the current  epoch of 
s i p i f i c a n t  flux of subcosmic rays is f a i r l y  probable. The energy l i b e r a t e d  
per u n i t  of time by a nonre l a t iv i s t i c  subcosmic p a r t i c l e  at its motion in 
an ionized hydrogen cons t i tu tes  E171 

and, consequently, the  heat ing conditioned by subcosmic r ays  is 

Here N is t h e  concentration of f a s t  nonre l a t iv i s t i c  protons with e n e r m  
E i n  erz:; 3 P 

is t h e i r  energy densi ty  in erg/cm . md W S C r  k 
It is  hardly reasonable t o  estimate the  ene r -y  density wscr as being 

3 grea te r  than t h a t  of cosmic rays, wcr . According t o  
and i t  i s  probable t h a t  wcr+ erg/cm3. 

[17], W c r  ergcm 
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Assuming f o r  or ien ta t ion  t h a t  sc rZ  wcr= 10''s erg/cm3 and 
E k C  3 * l o  7 ev , we obtain 

I& scr = 7-1 loo2' n -0.032 I n n  erg/cm 3 .see; 

i t  is more p r a c t i c a l  t o  u t i l i t e  the approximate formula 

(with an apqoxitlation t o  2 - % i n  the region n = loo3 + loo6 emo3). 
The ionisa t ion  losses  from r e l a t i v i s t i c  cosmic p a r t i c l e s  are,  t o  the  

contrary, neglectinglp small (at contemporary epoch), Indeed, for r e l a t i v i s -  
t i c  protons the losses  cons t i tu te  C171: 

and the  heat ing l inked with it is 

+ - 1.22 1 0 ° 2 0 ~ { ~ ~ ~ ~  --En n + n erg/cn 3 see 
mpc Li, c r  B 

which, a t  wcr = erg/ en3, E = 5 10 9 ev e 8 loo3 erg, gives 

Note t h a t  the d iss ipa t ion  of the e lec t ron  countercurrent, occurring at mo- 
t i o n  of cosmic rays in the in t e rga lac t i c  plasma owing t o  its high conducti- 
vi ty ,  leads a lso  t o  gas heat ing 119, 201. The densi ty  of the  corresponding 
Joule lo s ses  cons t i t u t e s  

7 -15 Even for subcosmic rays with E& = 3 10 ev and wscr = 10 

heat ine 
erg/cm3 the  

is qui te  s m a l l  by comparison with (81, and becomes subs t an t i a l  only at  

T& 10 0s. 4 
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c )  B u r s t s  of Radiogalaxies. 

B u r s t s  of radiogalaxies and galaxies m u s t  cons t i tu te  e f f ec t ive  
sources of heating for the in t e rga lac t i c  gas. Fluxes of hot gases mar be 
e jec ted  i n t o  the surrounding space at burs t s  and s ign i f i can t  quan t i t i e s  
of r e l a t i v i s t i c  and subcosmic p a r t i c l e s  w i l l  be escaping i n t o  it; t h e i r  
f r i c t i o n  with the in te rga lac t ic  aedium must lead t o  its heating. The tem-  
peratare  increase of the in t e rga lac t i c  ga6 w i l l  also contr ibute  t o  the 
d iss ipa t ion  of p a r t  of the burst energy in shock waves. Let  us exanine 
t h e  heating mechanism a t  fur ther  length. 

In  conditions, &en t h e  flux of cosmic rays, e jec ted  during the 
burst, is anisotropic  (and t h i s  must be the case in a c e r t a i n  region near 
the  galaxies e j e c t i n g  them), there appears, besides the  usual  i o n i t a t i o n  
losses ,  an addi t ional ,  qu i te  e f fec t ive  mechanism of lo s ses  l inked with 
the  beam i n s t a b i l i t y ,  I n  order t o  conduct a numerical evaluation, l e t  96 

assume t h a t  the beam of pa r t i c l e s  (charge z9 mass l4, concentration H,) 
moves along the magnetic f i e l d  (or i n  conditions, when the  f i e l d ' s  in f lu-  
ence is ins igni f icant ) .  I& the mean p a r t i c l e  ve loc i ty  be de, and the  
s c a t t e r i n g  of v e l o c i t i e s  near Vs - qTs ( t o  be spec i f ic ,  we estimate t h a t  
the  d i s t r ibu t ion  function of p a r t i c l e s  in the  beam has the  form 

The plasma frequency for t h r  beam is 
~3 = ( 4;5e2Ns/H)lh = 5.64 '10 4 (Nsm/H)  M , 

6 

and the plasma frequency of the medium penetrated by the  beam is 

A t  ne r~ 10'5cno3, even i n  conditions of i n t e rga lac t i c  space the frequency 
u0 - 10 6ec-l , t h a t  is, the osc i l l a t ion  period To = 2 q /ao -loo1 see 
is neglectingly s m a l l  by comparison with the other  cha rac t e r i s t i c  times, 
For a proton bean (or for electrons with t o t a l  energy E 4Mc2- 10 ev) , 
a t  Ns40013 cm-3 the frequency Us N 3 - lo4 and Zs P 2JT/o, 4 0  BCC. 

Under the indicated conditions the  beam generates plasma waves, whose in- 

2 

9 
4 

t e n s i t y  accrues accordinc t o  the l a w  e Y t  ( see, for exnmple, [Zl]), whew 

o/o 0 



a Here 
vq = "/4 9 

temperature in plasma (without beam) and q is the  wave vector  of emitted 
waves with a frequency r 3 ~ 0 ~ .  The wave accret ion obviously takes place 
only at  VT < Y5; besides, according t o  the conditions of the  conclusion, 
we m u s t  estimate t h a t  

O'= a: 3vT 4&, ( k T/ RI)' is the e lec t ron  
0 

2 2  or, a t  rough estimates 3 f T a q  6 ,'. Hence it is c lear  t h a t  

We s h a l l  estirmRlte t h a t  i n  the beam we have 
Then, a t  the above-admitted values and q =  the  increment is 

Ve - f e N 10" cm/sec. T, 

or the  cha rac t e r i s t i c  time of o sc i l l a t ion  accret ion is l / y+30yea r s  ( a t  
time i t  w i l l  be 1 / ~  - 3 I d  years, b u t  the character  of f i e l d  q - q m a x  

accretion is  determined precisely by the last value of y ). Since the con- 
centrat ion of cosmic rays in eject ions is probably exceeding s i g n i f i c a n t l y  
10'13 the  t rue  increment of accret ion may be even higher 

The plasma osc i l l a t ions  i n  the beam w i l l  accrue so long as this 
accretion w i l l  not be l imited by nonlinear e f f e c t s  and reverse ac t ion  of 
o s c i l l a t i o n s  on the beam i t s e l f .  In par t i cu la r ,  s t rong  beam b lu r r ing  would 
be s u f f i c i e n t  ( i so t ropiza t ion  beam) for the  increment 'f t o  fa l l  abrupt-, ** 

The above estimate of f is evidently r a t h e r  rough. Nevertheless, by the  
s t rength  of great slreservell ( the increment 
of the effect iveness  of plasma wave generation appears t o  be qui te  convincing. 
*+ The question of isotropizat ion of cosnic rays  as a r e s u l t  of generation 
by them of plasma waves is a l s o  discussed 

is great) the conclusion d r a m  

i n  recent  works[30,31]. 
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Generaily speaking, s i m i l a r  reverse ac t ion  wiil se t  in only i n  conditions 
when the ene rm of plasma osc i l l a t ions  is comyrable with the e n e r g  of 
t h e  beam. By the  same token we rezch the  assumption tha t  the in j ec t ion  of 
cosnic and suboosmic rays i n t o  the in t e rga lac t i c  space m u s t ,  v i s ib ly ,  
be attended by an e f fec t ive  build7c.p of plasma o s c i l l a t i o n s  i n  t he  in t e r -  
ga l ac t i c  plamna, the  e n e r g  density of these o s c i l l a t i o n s  being a t  t b e  same 
time w d w c r  + w scr'. 0 

Subsequently, when taking i n t o  account c o l l i s i o n s  and t h e  nonlinear 
i n t e rac t ion  of plasmawaves, the  g l a s m a  o s c i l l a t i o n s  pass t o  heat ,  t h a t  is, 
they lead t o  gas temperature increase. 

The'%hermlization" time of plasma o s c i l l a t i o n s  is of t he  order of 
the  inverse number of osc i l la t ions ,  t h a t  is, -[ 5.5nTyz In (22011- 7 1  ib 1- , 
which, a t  n -J 10-5 cm'3 and T-1060  K cons t i t u t e s  -3 lo4 geazs. 

The heat ing conditioned by radiogalaxy bursts,  may be estimated 
f o r  the current  epoch s t a r t i n g  from the contemporary energy density of 
cosmic rays (see a l s o  C17J, p. 264 ), 

where N is t he  contenporary concentration of radiogalaxies  with mean 
17 explosion power P and T - 3 10 s e c  is the age of the  adopted cos- 

molorical model. Hence, the heat l i b e r a t i o n  Li = wcr /Trig cons t i t u t e s ,  
a t  u t i l i z a t i o n  of the above discussed estimate, w 

rg 
w- 

N 10-15 erg/crn, cr 

L+ = 3 *10-33era/cm3 sec. 
l3 

2, - Sources of Coolinf~; 

I n  i n t  r g a l a c t i c  medium conditions,the cooling takes p l  ce owing 

t o  hydroeen de-excitation a t  free-free t r a n s i t i o n s  and at recombinations. 
A s i d e  from hydrogen, the electron impact may be instrumental  fn exc i t ing  
also the  low-lyinc l eve l s  of a s e r i e s  of elements, with subsequent de-exci- 
t a t ion ,  which, as is well  known, is  the bas ic  mechanism of zones H I 1  cooling 
of the  i n t e r s t e l l a r  medium. 
* 

Dampins of plasma waves possibly takes place a t  dis tances  notably lesser 
than those between burs t inc  sources. In t h i s  case the heat ing of the i n t e r -  
@r:c t i c  medium w i l l  be s p a t i a l l y  nonuniform. 
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The question of the existence of heavy elements in the in t e rga lac t i c  space 
remains open, However, the sharp d i s t inc t ion  i n  the chemical content of the  
s t a s  of type I and 11 population (more than 100 times) points the f a c t  
that the  formation of stars at e a r l i e r  stages of Galaxy condensation had 
taken place i n  a medium poor in heevy elements. 

i n  the in t e rga lac t i c  medium the concentration of these elements in theolder- 
most 
than helium 

We may 7336upe f o r  the upper Umit of heavy element concentration 

stars of the G a l a x y  ( the  r e l a t i v e  concentration of elements heavier 

5 A t  T - 10 + lo6 
elemmts of such a concentration is severa l  times less than the  cooliLn 
of a purely hydrogen medium and t h a t  is why i t  can be omitted at the  esti- 
n a t e - o f  i n t e rga lac t i c  gas temperature, 

Therefore, the  heat t r ans fe r  L- in the equation (3) may be repre- 

K the  cooling of the in t e rga lac t i c  medium of heavy 

sented by t he  6um of two terms 

The energy, emitted a t  free-free t r m i t i o n s ,  cons t i tu tes  (see, for example, 

c93 1 
h3 
kT dy N 1.4 10'27T%2 erg/cm3 sec  ZE 

-- 
0 

Lff = 

0 

where we admitted ne - 9p- n, i n  agreement with the  f a c t ,  t h a t  the main 
contributor of f r e e  e lec t rons  ie hydrogen. 

The deexcitation at recombination is given for all l e v e l s  by 
formula (9). 

I f  a t  burst6 of galaxies there take8 place a chemical synthesis  of ele- 
ments, t h e i r  f i l l i n g  the metagalactic medium takes place during t he  t-6 
comparable with the cosmological sca le ,  t h a t  is, r a t h e r  slowly ( the  mean 
distance between galaxies is 
and T -l$78ec,). 

cm,  the  propagation ve loc i ty  Q ry lOOOLFIp/ 8 
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The p r inc ipa l  pecul ia r i ty  of t h e  i n t e r g a l a c t i c  gas outside t h e  
c l u s t e r s  is its pa r t i c ipa t ion  i n  the cosmological expansion of the Ihleta- 

galaxy. Because of t he  expansion, the  k i n e t i c  temperature drops, and t h i s  

cooling cons t i t u t e s  t h e  decis ive process for l a t e r  s t ages  of expansion. 
Because of tke smallness of t h e  pressure p a  y T R/p by compari- 

son with t h e  t o t a l  enerqy densi ty  
with t h e  t i m e  in the  i so t rop ic  model may be described by t h e  exact solu- 
t i o n  o f  the "linetein eauetion for a uniform i eo t rop ic  universe with p r o .  
For our  objective6 it l e  euf f i c i en t  t o  u t i l i a e  the  so lu t ion  va l id  i n  the  
plane metrics ( f =  Pk) and with not too bad a o n c i s i o n  at 

C = fc2, the va r i a t ion  of dens i ty  

f "?k' 
? = P o  T2 Mg to* (15) 

Ms is the  densit?. a t  t h e  moment of time t IT 
?O 

where 

For p r a c t i c a l  puroposes we shall pass i n  ( 3 )  from d i f f e r e n t i a t i o n  

2 ( ik T 7' % d/y* - 4s a result, i n s t ead  of (31,  we 

over tiffie t o  d i f f e r e n t i a t i o n  over dens i ty ,  having subs t i t u t ed ,  according 

m f  t o  (151, d/dt =- 
s h a l l  have 

E i t h e r  terms may predominate a t  var ious  Ftappr of expansion, en te r ing  i n  
(16). Le t  ue comaare the ex3ression reapondine t o  cooling ~LB a consequence 

of r e d i r t i o n  (13) -- (14) 
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et?. t h e  

Assuming 

term responsible for tke cooling on account of expansion 

(18 1 

r= 1/2 and adr5 t t ing  t h a t  t = T 3 3  d7 6ec, the demi ty  
3 = 2 -10-29g/cm , w e  have 

Mg 
of t h e  i n t e r g a l a c t i c  gas w i l l  be p o =fk 

It i E  easy t o  see, t h e t  i n  the  epoch when f/!P3 @ or at 
5 T r~ 10  O K ,  when f a g/cm3, cooling p reva i l s  on account of deexci- 

t e t ion .  T o  the contrary,  a t  fu l f i l lment  of the inverse inequal i ty ,  cool ing 
on account of expansion is achieved. Le t  UB analyze these s i t u a t i o n s  sepera- 
t e l y  by considering f i r s t  tbe p a r t i c u l a r  so lu t ions  of t h e  equation (16). 

I. Cooling - by - .  RFdiation ---_-I- . in the Absence of Sources 
of Eeatinq 

A t  ? >r 1 0 - ~ ~ ~ / ~ ~ 3 ,  cooling on account of expansion is inmater ia l .  
I n  t h i E  case t h e  va r i a t ion  of medium's temperature, neglect ing t h e  heat ing,  
is described by a EinDle ecuation taking i n t o  account only t h e  cooling at  
t h e  expense of r ad ia t ion  

The so lu t ion  of t he  e n u c t i o - P  (19) ?!:-F %:le form 
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Tkie =olxt ion o f fem Pone i n t e r e s t  r-ken analyeinR t:?e c rav i t e t iona l  con- 
deneation leadin.: t o  the formation of nebula c l u s t e m .  

11,- CoolinR on Account of Expansion i n  the  Presence 

of Sources 

L e t  us consider nov the l a t e r  stages of expansion, when the cooling 
by r ad ia t ion  becones s m a l l  and the determinant r o l e  is played by cooling on 
account of expansion, It is  evident t h a t  i f  at the stage, when expansion 
becomes t h e  preva i l ing  mechanism of cooling, t h e  temperature is i n su f f i -  
c i e n t l y  h igh ,  a continuing act ion of heat ing  6ource6, considered i n  p a r a 1  

mag 

The 

become important also. I n  t h i s  ca8e the equation (16) takes t h e  form 

heat l i b e r a t i o n  L+ cons t i t u t e s  t he  sum of seve ra l  t e r n ,  t h e  re la t ive 
contr ibut ion of rh ich  va r i e s  as the  expansion pro-gresses. L e t  us br ing  
fo r th  t h e  expression for them ae (I funct ion of t i n s ,  or, i n  our denotationa,  
se a function of density 

a) Ioniza t ion  loesee  of Subcosmic Ray8 

According t o  (7). L+i, BcF 03wecr E 0% a. 

I n  t'e course of expansion the  energy of r e l i c  6ubcQsn;ic p a r t i c l e s  va r i ee  

as 1'3 i n  correspondence with the w e l l  known law o f  decreaeecoRglof the  
inpulse  of a p a r t i c l e  moving in an expanding Freedman universe. The con- 
cen t r a t ion  of particles var iee  ae P; neglect ing t h e  variat ion of logar i th-  
mic t e r n  i n  C71, and u t i l i z i n g  (81, we obta in  

wilere, here and eubseouently , po = fk = 2 leoz9 g/cm3 implies  a fixed 

epoch, f o r  which t h e  contemporary i& taken, 

The ion iza t ion  loseee of r e l a t i v i f i t i c  p a r t i c l e e  and t h e  hea t ing  
concitloned by them, vary in tine i n  a d i f f e r e n t  manner. For an inva r i ab le  
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number of r e l a t i v i e t i c  p a r t i c l e t  t h e i r  concentration decreases a6 9 , t h e  
enerFy decreases a8 p" , and t h e  energy dens i ty  &6 f*/3 ; neglecting t h e  

v e r i a t i o n  of l o q a r i t b d c  terms, re shell obta in  from ($1 and (10 ) :  

It may be seen from (23) and (24) t h a t ,  although i n  previous epochs the  
re la t ive  r o l e  of r e l i c  cosnic rays ( p a r t i c l e s  having formed a t  formation 
s t e c e  of t h e  main mass of  galaxies)  w a s  higher from t h e  standpoint of heat- 

i n g  t h a n  i t  now is, the  preva i l ing  value f o r  t h e  heat ing then w a s  a lso 

iTparted t o  subcosmic particles. 

b) In t rus ion  of Cosmic Ray Fluxe~ duriag 

Bursts of G a l a x i e s  - 
' Assuming t h a t  t h e  evolutionary e f f e c t  I n  the  polser of burs t s  of 

EPlerieF is sbaent  and t h a t  t h e  heat ing of t h e  u n i t  of volume by e j ec t ed  
fluxee of comic  r a m ,  by shock raves and incandescent gases ver iee  only 

a t  t h e  erpenee of !4etaqelaxy expansion, we have, taking i n t o  account (12)  : 

It is appropriate t o  ccnsider the tenperature  va r i a t ion  of t he  i n t e r g a l a c t i c  
gas i n  t he  presence of heat l i b e r a t i o n  i n  two variants: t ak ing  i n t o  account 
s epa ra t e ly  the hea t ing  conditioned by ioo iea t ion  losees  of r e l i c  subcosmic 
rags (var ian t  a) and the heat ing conditioned by continuing galaxy bursts 
ir: t3e process of consideration of the  Metagalaxy ( var i an t  zb). 

- I[a .- Reating of the  - --_ I n t e r a e l a c t i c  c Medium -by Rel ic  Cosmic Rage. 
'.'!hen accountins ti;e ion ize t ion  lofisee of subcosmic and cosmic rays 

(23)-(24), t5e temperature ve r i a t ion  of t h e  i n t e r g a l a c t i c  medium is described 
bv t h e  enuation 

The second t e r m  i n  pFrenthepes, l inked w i t h  the heat ing by r e l a t i v i s t i c  



p a r t i c l e s ,  is preserved here ,  s temr in ,~  from the f a c t  t h a t  the  coe f f i c i en t  
b in (23) 5.a now le613 accuretely known than e i n  (24). The so lu t ion  of  
the  equation (26) has t he  form 

and,  a t  s u b s t i t u t i o n  of t h e  above admitted numerical values of  y,  s and 
&, i t  may be w r i t t e n  8s foll-om : 

The constant 4. i E  eas i lv  expressed through t h e  value of tenperature  at a 
a c e r t a i n  f ixed moment of t i m e .  Note t h a t  t h e  s o l u t i o n  of (27) nay be u t i -  
l i z e d  also i n  the  case when a t  t =  
)t take6 account of the  f r a c t i o n  of tne gas component i n  the t o t a l  dens i ty  
of t he  Metagalaxy, and 1 - 1c correspond6 t o  the  share  of gas in c l u s t e r s  
and uneasi ly  ooservajle forms of matter (neutr ino,  l a t e n t  massee). In t h i 6  
caee t h e  rizht-hand pa r t  of (28) should be mult ipl ied by k3/2 , as t h i 6  

c l e a r l y  stems from (181, (231, (24). 

t he  dens i ty  of the ga% is up *ere Tm 0' 

- It b. - HeatinR of t h e  In te rEalac t ic  Fediun at  Burets of Galaxlee 

I n  t k i F  caee the var i e t ion  oi' gas temperature i s  determined by t h e  

erupt ion 

the  so lu t ion  of which is 

or, numerically, w i t h  t h e  u t i l i z a t i o n  of (25) 

I 



If 
of 

( 31 

e t  t = T  the densi ty  of gas c o n ~ t i t u t e s  XI  and t h e  energy density 

cosmic rays is w 

) should be multiplied by YC. . 
M g  3 Po 

= J .loo1' erg/ c m  , t h e  numerical coef f ic ien t  i n  c r  

The course of gas temperature as t h e  F!etagalaxy expands is plot-  

t ed  i n  F igs  1 and 2 for several  various values of temperature i n  t h e  epoch 
f = 2 g/cm 3 when the cooling by rad ia t ion  becomes i m m a t e r i a l ,  

and t h i s  i n  accordance w i t h  the va r i an t s  (28) and (31). Note t h a t  the  moment 
of time responding t o  t = 2 loec? erg/cm', is close t o  t h e  epoch of for- 
ma t ion  of  the main p e r t  of gal-. 

- z 

The curves are p lo t ted  for several values of energy d e m i t y  of 
C O F ~ ~ C  rays  i n  t h e  contempcrary epoch wRc- =10-14+ 10-16 erq/cm 3 , of 
which t h e  most probable value is w =lC?5 erq/cm3, Assigning ourselves c r  I I 
a r p t h e r  broad temperature in t e rna l  10' 4 10" O K  a t  the  moment of time 
f = 2 loo2? g/cm3, w e  reach, at wcr = erg/cm3, t o  the  value of t e m -  
perature for t h e  contempcrary epoch, i n  a l l  cases near T - 10 5 OK*. 

Note t h a t  t h i s  temperature value of the  i n t e r g a l a c t i c  gas consti-  
t u t e s  only t he  lower l i m i t ,  Even in t h e  absence of notable heat ing from 
galaxy bur s t s  i n  t h e  present epoch (for example, a6 a consequence of a 
s t rong  evolutionary e f f e c t )  gas might have been s t rongly heated (even t o  

7 temperatures T & l o  O K )  ear ly  a f t e r  consummationof t h e  formation of the  

main par t  of the galaxy by cosmic rays e jec ted  i n  this epoch, A t  subsequent 
cooling because of expansion, t h e  temperature of t he  gas could not have 
dropped toward the  present epoch below w 10 OK, 6 

Xaicine use of t he  obtained lower l i m i t  of temperature, we may con- 
clude, i n  pa r t i cu la r ,  t h e t  i n  the present epoch, at  mean concentration of 
in t e rga lac t i c  gas n ~ 1 0 ~ ~ '  ano3, t h e  cha rac t e r i s t i c  dimension of the  uni- 
formity ce l l  i n  t h e  i n t e rge lec t i c  gee, having t h e  order  of Jean6 ins t ab i -  
lity a e v e l e n r t h  - CT/, 9 )"z, cons t i t u t e s  several  megaparsec. 

burs t s  of galaxies is  part icular ly  e f f ec t ive ,  I n  t h e  final count, t he  tem- 
perature decrease because of expansion is reversed because of t h a t  heating, 
t o  r ise  of temperature; at the same t i m e ,  so much the  ea r l i e r  t h a t  t h e  i n i -  
tial temperature vas lower. T h i s  temperature rise had probably a na tura l  
limit, for the evolutionary e f f e c t  must apparently become s i g n i f i c a n t  for 
s u f f i c i e n t l y  g rea t  t i m e  in te rva ls .  In t h i s  case the heat ing of t h e  i n t e r -  

J -  J f f  
It ma:. be seen  fron F i ~ s ,  1 and 2 tht  the  heat ing induced by 

* see infrapag, note next page. 



* 
The naking more precise  of the temperature of the  i n t e r g a l a c t i c  

medium i n  the fu ture  w i l l  allow, i n  i ts  turn,  t o  make more precise  the 
value of the e n e r q  of cosmic rays 53 the in t e rga lac t i c  space. But pre- 
sen t ly  already the  undertaken consideration i n  conjunction with the e s t i -  
mate of the niniaun ter:Derature of the in t e rga lac t i c  medium by X-ray data, 
dea l t  with below, 3” evidence against the  p o s s i b i l i t y  of assuming t h a t  
Y ry 10°12 erri/cm as t C i ~ % o n e t i ~ ~ s  estimated ( see  [17] and the referen 

( From the preceding page) 

ice _- 
l t ge ra tu re  pre-ented there).  
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Fig. 2. - T3-IPERI1TURE VAJ31.4TION OF THE INTERGALACTIC MEDIUM 
AT E ~ A N S I O N  OF METAGALAXY 

Dariant XB] 
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g a l a c t i c  m e d i u m  drops notably w3ile the  temperature begins t o  decrease. 
A t  l i m i t ,  when L + = L ,  = O ,  it follows from (16) t h a t  

I 

(30)  L -1 whence T- 
A t  z =  '13 we have a t  the  s tage  of free expansion T -J Yi . 

Even i f  T 4 0 

Indeed, the s e t t l i n g  time of equi l ibr inm ion iea t ion  is determined by recorn- 
b ina t inn  time and cons t i t u t e s  

at  f 0,  the  gas remains p rac t i ca l ly  f u l l y  ionieed. 
I 

tr = I d  THnol years. (31) 

On t he  other  hand, the  cha rac t e r i s t i c  time of densi ty  va r i a t ion  is I 

In t h e  epoch 
t rv 5 - 10 years, and trZ lo6@ - 10 years  (at T -10 OK). I n  o ther  
words, Ln, the  epoch, wfien the cooling on account of expansion bepins t o  pre- 
v a i l  over the  cooling as a consequence of rad ia t ion ,  t he  c h a r a c t e r i s t i c  times 
tr and t 
the moment of time f 3: 2 

may be seen t h a t  a t  fu r the r  expansion, 
ion izn t ion  takes  place. Therefo-e, i n  s p i t e  of the  f a c t  t h a t  T + 0, the  
,ass remnfns ionized even i n  the absence of heat  l ibera t ion .  

is T -1040X,  i t  may be seen from Fig. 2 t h a t  i t  could be ionieed at subse- 
quent heat ing by gal- burs t s  and also  by r e l i c  cosmic rays (see Fig.1). 

>Tote t h a t  the high ionizat ion of the  i n t e r g a l a c t i c  medium l e a d s t o  

repsonding t o  p = 2 lo"*? g / c f ,  we have n -loo3 emo3 and 8 9 6 
exp 

are  equalized. Assume now t h a t  even the  hea t ing  i8 absent from =P 
g/cn3. Then, i n  the following, we s h a l l  have 

T - ngh a d ,  t h i s  means t ~ f l o ~ a ~ y e a r s  and t ~ 1 0  7 %  n years. Hence i t  
exp 

t h a t  is, l? f reezhg ' l  of ' texp* 

But, i f  t h e  gas were r e l a t i v e l y  cold and n e u t r a l  at  the  outse t ,  t h a t  

the f x t ,  t h a k  i n  the process of formation of new s t r u c t u r a l  u n i t s  i n  the  

Eetagalaxy, t;ie m a p e t i c  f i e l d  has probably a p r inc ipa l  value ( r e f e r  i n  par- 
ticul3.r t o  quasars E22 - 233). 



3 I l k c r L + -  dT I#- 
(33) 

The cooling 2 in (33) i s  determined for a given T only by the 
densi ty  of hydrogen atoms* and is given by formulas (13) and (14). The 
energy l i b e r a t i o n  L+ in c l u s t e r  i n t e r g a l a c t i c  gas apparently depends not 
only of the densi ty  of the gas, but is determined by the  ind iv idua l  peculia- 
r i t i e s  of c lus t e r s ,  and first of a l l ,  by the existence in them at  present  
and past of radiogalaxies,  whose b u r s t s  might lead t o  s u b s t a n t i a l  hea t ing  
of the medium, as is shown by a simple estimate (seebelow). 
For the  computation of  the  mi~imum heat ing  i t  is appropriate t o  examine the  
l i m i t  case, when heat l i b e r a t i o n  i n  gas c l u s t e r  is determined by only a 
* Although the chemical composition of the i n t e r g a l a c t i c  medium in c l u s t e r s  
possibly d i f f e r s  by a somewhat greater con5ent 2 
r i son  with the i n t e r g a l a c t i c  medium i n  the P l e t a g a l w ,  we limit ourselves,  
because of the  uncertainty of 2 , t o  accounting the cooling on E, s;l.lailarly 
t o  what w a s  done in #2. 

of heavy elements by compa- 
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#3 . -TEMPERATURE OF THE IEJTERGAWCTIC MEDIUM - ---- - 
- IN CLUSTERS 

The above obtained data a l low t o  t ack le  also the question of pos- 
s ib l e  temperatuse of the in t e rga lac t i c  gas in clusters, Obviously, in t h b  

case the expansion of the  medium, l inked with the general  evolution of t he  
Metagalaxy, is absent. 

It is w e l l  known t h a t  nebula c l u s t e r s  revea l  a s ign i f i can t  va r i e ty  
i n  the population, from mult iple  systems, including only a f e w  terms, t o  
general associations,  including no l e s s  than  t ens  of t housank  of terms. 
In connection with t h i s ,  the conditions i n  the i n t e r g a l a c t i c  c l u s t e r  medinm 
must apparently subs t an t i a l ly  differ  also. W e  s h a l l  l i m i t  ourselvee here t o  
c o n s i d e r h p  c l u s t e r s  in s t a t iona ry  state. The cor rec t  spheroidal shape and 

the  presence of notable concentration of galaxies toward the  center  + point 
t o  t h e  s t a t iona ry  state t h e  course of cosmaganic ternre in a s u b ~ t a n t i a l  
p a r t  of clusters .  ApFarently, gas densi ty  between galaxies,  independent from 
time, should naturally be accounted for i n  such c lus t e r s ,  beginning from 
the epoch of gravi ta t ione l  condensation of the main p a r t  of galaxy c lus te re .  

t a t i v e  ana lys i s  of the heat balance of i n t e r g a l a c t i c  c l u s t e r  med ium.  
Assuming in (3) tha t  r= %, S = ?3 , we have 

As formerly, the  equation (3) is the s t a r t i n g  point  for the qual&- 
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s ing le  metagalactic "backgroundgt. We s h a l l  concretely ast inate  t h a t  in (33) 
L" is due t o  the  above considered i o n i t a t i o n  losses of subcosmic rays, 
t h e t  is, L" = c n ,  where t he  constant is given by formula (7). Then the gas 
teEperature var ia t ion  is  described by the  equation 

where, accordiag t o  (81, (13). (141, we pos tu la te  : 

-27 
-22 

-29 

a 3: 1.4 10 
b = 5.4 010 

c = 8.0 io 
(35) 

The solut ion of (34) has the  for=: 

of A, 
The sign /, determiniq-  t h e  choice of e i t h e r  so lu t ion  in (361, depends on - n. 
For the  numerical value of s taken i n  (35). we have A x 0  at n p  4,6*10-5 

-3 cm . 
'Phe densi ty  of gas in c l u s t e r s  is unknown, However, i t  is qu i t e  pro- 

bable, t h a t  as an average, t h i s  v d u e  is in any case l e s e  or of the  order  
10°3cmo3. Indeed, according t o  C24J , t he  mean number of cluster centers  
is 

14 ISn c3. Iience the p a r t  of t he  volume occupied by c l u s t w s ,  C10°2 and 
loo3 Mn co3, and the  mean volume corresponding t o  a s i n g l e  cluster is 

the densi ty  of gae in c l u s t e r s  must, a8 an average( be in correspondenee 

with po"fk ", 2 loo2' , of the order 

(37) 
- n 6 10-3 cm-3 

Inasmuch as the t r u e  concentration of gas in a separate  c l u s t e r  m u s t  d i f f e r  
from the upper l i m i t  of (371, we shall consider 
of 2, when analyaing numerically the so lu t ion  of (36). 

severa l  d i f f e r e n t  values 
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The cour8e of gas temperature variation is  presented in Fig, 3 :  

Fig. 3. - Temperature of the Intergalactic Medium in the 
Clusters of Galaxies  

The variation of T i n  the absence of heating sources i s  plotted by dashes; 
i t  is  found from the equation ( 3 6 )  at c t 0 : 



For t he  i n i t i a l  condition 
moment of t i n e  t = O  is a.;.signed, f o r  which any cha rac t e r i s t i c  epoch f o r  
t h e  c lus t e r  n ~ y  serve, f o r  e x z q l e ,  t he  consunmation in i t  of condensation of 
t h e  basic massof galaxies o r  burst  of radiogalary. The range of i n i t i a l  t e m -  
peratures,  tnk ing  account of the possible va r i e ty  of conditions a t  t = O ,  ie 

v i s i b l y  included in the limits lo5 - 1 0 7 0 ~  But i f  the bursts  of galaxies 
w e r e  absent in the c lus te r ,  the boundary of th '  i n t e r v a l  must be diminished 
inasmuch as t he  cooling of the gas from T - l z ° K  tekes place as is seen 
in Fig. 3, even a t  loo3 cmm3, t h a t  is, qui te  slowly, and t h i s  should hinder 
t h e  co3deasation of galaxies in e a r l i e r  epochs 1141. 

t b e  inequal i ty  L->L+ 

rate of T decrease. However, t h i s  slowing down is s ign i f i can t  and consti tuteB 
b i l l i o n s  of years, a8 t h i s  may be seen from Fig.3. As f o r  the s m a l l  gas con- 
cent ra t ions  in c lus te rs ,  the heating is stronger than the cooling (L+> LO), 
and the  tenperatme of the gas also rises w i t t  time. A burst  of a radiogalaxy 
i n  the given c l u s t e r  may lead t o  very high gas temperatures owing t o  the 

act ion of heat ing mechanisms noted in #1, linked with the i n s t a b i l i t y  of 
anisotropic  e jec t ions  of cosmic rays, of hot gas fluxes, of shock waves and 

so for th .  The order of temperature, t o  which the c l u s t e r  gas is heated, may 
be estimated fron the conditions 

defining the  constant tl, the temperature a t  the 

It may be estimated from (34) and (35) t h a t  at  n -, loo3 - 10 - 4 3  ern- 
takes place and the heating only slows down the 

W -nkTV, c r  

where Wcr is the  e n e r a  cosmic rays e jec ted  by the  radiogal- at  its 
burs t  in a cluster of volume V. For a diamater of the  cluster -3 arpe 
W 
T ry lo6+ 107 OK. 
i n  the gas cons t i tu tes  near 10 years even at n = loo3 and T - 10 OK, which 
is  much more than the cha rac t e r i s t i c  time of energy l i b e r a t i o n  at the burst, 

and 
4 lo6 ergs, the temperature T u g o  K , t h a t  3.6 a t  n - loA + 10.5 am -3 c r  n 

Inasmuch as, according t o  (31), the recombination time 
8 4 

6 -10 gears, the burs t  i n  the in t e rga lac t i c  gas of a c l u s t e r  is p r a c t i c a l l y  z* 
equivalent t o  the act ion of an instantaneous heat ing source, leading t o  a 
high value of temperatiwe. For cer ta in  c l u s t e r s  i t  becomes possible, owing t o  
the burst. t o  have a heated pa8 outflow i n t o  the in t e rnd lac t i c  snace. 



The detection by direct o r  i nd i r ec t  method of ionized gas in a c l u s t e r  
still  doe6 not determine uxmbiguously the o r ig in  of heating. To the contra- 
ry, the  existence of neu t ra l  hydrogen, w i t h  concentration %-10°3in the  
c l u s t e r  would be evidence of the  absence of high gas temperature i n  the pas t ,  
in view of slaw cooling of t h a t  gas from temperatures T - 1 O b O K  and higher. 
This would mean the absence in t he  c l u s t e r  of burs t  o r  penetrat ion from with- 
out of subcosmic rays(  from the general ne ta lagac t ic  reservoi r ) ,  The l a t te r  
might take place a t  closed state of U s e s  of force of the magnetic f i e l d  in 
c l u s t e r ,  a s  t h i s  is assumed b the  "expanded model or" the  o r ig in  of cosmic 
rays  C24J. Evidently, investigationt3. . of t h e  i n t e r g a l a c t i c  gas in c l u s t e r s  
o f f e r  i n t e r e s t  f o r  t h a t  rea8on, and also foi asuertaining the  character  o f  the  
magnetic f i e l d  in ga lac t i c  c lus te rs .  

It may be assumed t h a t  t he  decrease with time of i n t e r g a l a c t i c  gas' 
temberature is, as an average, slower f o r  the  gas of c l u s t e r s  than for t he  
expanding metagalactic gas background, ( T h i s  is par t i cu la r ly  80 at great evo- 
lu t ionary  e f f e c t  .in burst6 of radiogalaxies),  I n  the final count, and for cer- 
t a i n  c l u s t e r s  already in the  contenporary epoch, we s h a l l  a r r i v e  at the  pat- 
t e r n  of h o t  refions included in the background of a colder gas. 

C O N C L U D I N G  R E PI A R RS 

The above expounded ideas  show t h a t  in the  evolutionary model of t he  
Universe the i n t e r g a l a c t i c  gas may have and in a l l  p r o b a b i l i t r  has, at con- 
t inuous d i s t r ibu t ion  with average density f g/cm3, a high tempera- 
ture and is p rac t i ca l ly  f u l l y  ionized despi te  the  expansion of the  Metagalaxy.* 
Thus, the encountered asser t ion  tha t  the  high temperature of the  intergalac- 
t i c  gas is evidence against the evolutionary cosmology with 
g/cm3 and in favor of s t a t iona ry  cosmology, appears t o  be incorrect.  A t  t he  
same time, any cosmological model requi res  an estimate of t he  mean dens i ty  of 
matter from independent considerations, 

ionized and the  e lec t ron  concentration ne N loo5, the de tec t ion  of such a gas 

by radiomethods is qui te  d i f f i c u l t ,  The absorption of r ad io  waves in t he  

i n t e r g a l a c t i c  gas is determined by the  formula C17J : 

nonequilibrium. 

t "fh = 2.10 -29 

A t  T a lo5 - lo6 OK and. ry lod9 g/cm3, when the  gas is nearly f u l l y  

* A 6  is sho+m in # 2 ,  the  ionizat ion of the i n t e r g a l a c t j c  gas i.6 0 * A  0 



c 

4 Even a t  R -R 2? 5 * 102'cm, T "10 OK and nem1005 c ~ n - ~ ,  the o p t i c a l  thick- 
ness Z >rr 1 Only at 3 4 3  * 16 ( % 1 h). Without even speaking of t he  
d i f f i c u l t y  of rece vine such long waves ( t h i s  is possible, i n  pr inciple ,  when 
using satellites), the  effect  of i n t e rga lac t i c  absorption will be concealed 
by absorption within the  bound6 of the Galaxy ( f o r  example, at 9 4 3  -l$, 

ne r~ loo1 and T % 10 

plane in t he  in t e rga lac t i c  magnetic f ie ld .  h a l y s i s  of t h a t  e f f e c t  allows 
t o  obtain an in-rtant garameter for the  Metagalaxy : M = <neH > , propor- 
tional t o  the ro t a t ion  angle. For example, of the  f i e l d  H i n  the  visual 
ray of length R var i e s  many tines in direct ion,  we have 
Jn assumption w a s  b r o u a t  fo r th  l a t e l y ,  however, tha t  the intergalactic f i e l d  
is quasiuniform and consequently, M = <neR cos d, , where H is the  f i e l d  
i n t e n s i t y  and 

cos (II -1, ne ry 10.5 and R- 5. *1$7, the parameter H -1s3 E. A t  the  
same time, a s  follows fron observations, the ro t a t ion  in the  Galaxy and in 
sources of polarized rzd io  emission contribute6 
t h a t  this contr ibut ion is sometimes even lower, f o r  example, at observation 
i n  d i rec t ions  close t o  the ga lzc t ic  pole, I n  any casel i f  the regulated 

i n t e r  Falac t i c  f i e l d  sg )z IOo9 oe9 ' f h b  mnjl become noticeable , while ~ a s u -  
r i n g  t h e  value of 11 f o r  a series of sources,and determining the  statisti- 
cal  dependence of &I on t h e i r  distance and di rec t ion  ( t h a t  is, on COB a). 

4 K, the thickness 2- 1 at  R * lo2' cm). 
A great i n t e r e s t  is offered by the r o t a t i o n  of t h e  po lar iza t ion  

Mm$h c253. 

d i s  the  angle between the f i e l d  and the  visual ray. A t  

M r3 1014, It is possible 

Qui te  pronising appears t o  be the  p o s s i b i l i t y  of detect ion of hot 
i n t e r g a l a c t i c  gas by its emission i n  the X-ray band, Attempkto i n t e r p r e t  
the  recent  measurements of X-ray fluxes by i n t e rga lac t i c  gas emission 
in the  evolutionary model for n .u loo5 ~ r n - ~ l e a d  t o  tenperature T -3 1O6OK 

( the  value of Tp is st rongly tiependent on temperature at  earlier stages of 
evolution of the Universe, (see [28$ Taking i n t o  account t he  p o s s i b i l i t y  
of explaining the observed X-ray f l u x  by galaxy emission C291,this value of 
temperature i s - t h e  upper l i m i t ,  and i t  does not contradict  the  ca lcu la t ion  
in #2 of the possible lower l i m i t  of temperature of the  i n t e r g a l a c t i c  gas, 

P 

T 4 1 0 5 0 ~ .  
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